ABSTRACT: Steel with a nominal composition of 0.25C-1.5Si-3Mn-0.023Al (mass %) was subjected to Quenching and Partitioning (Q&P) with varying parameters (quenching temperature, partitioning temperature and partitioning time) resulting in formation of multi-phase microstructure, which was thoroughly studied using X-ray (XRD) and Electron Backscatter Diffraction (EBSD). Mechanical properties of the Q&P steel were measured by tensile tests. Plastic deformation of Q&P steel at micro-scale was investigated by in situ tensile testing and digital image correlation analysis. The effect of Q&P parameters on the microstructure (phase composition, size and volume fraction of micro constituents, texture and carbon content in retained austenite) is discussed. After analyzing the mechanical properties, plastic deformation at the micro-scale and the microstructure, it is shown that the strain partitioning between phases strongly depends on the microstructure of the Q&P steel, which, in turn, can be tuned via manipulation with Q&P parameters. 
INTRODUCTION
The current trends in the automotive industry have been mainly focused on increasing the crashworthiness properties of vehicles, while decreasing fuel consumption and gas emissions at the same time. For this purpose, the steel industry is continuously presenting innovative solutions to the automotive industry, since this material has the ability to adapt to the changing requirements. In particular, the past few decades have witnessed a significant research effort directed towards the development of Advanced High-Strength Steel (AHSS) grades, as they provide an opportunity for the development of cost-effective and light-weight parts with improved safety and optimized environmental performance for automotive applications (Bhadeshia, 1999; De Moor et al., 2010; Caballero et al., 2013; Rodríguez et al., 2014) . These research strategies are based on the development of microstructures consisting of ultrafine microconstituents formed in non-equilibrium conditions, such as martensite or bainite, in combination with Retained Austenite (RA) (Santofimia et al., 2008; Caballero et al., 2009; Garcia-Mateo et al., 2012) . Harder microconstituents contribute to a simultaneous increase of strength and toughness whereas RA provides the improvement of strength and ductility through the Transformation Induced Plasticity (TRIP) effect (Speer et al., 2005; Santofimia et al., 2008) . The strain induced transformation to martensite provides an additional deformation and strainhardening mechanism, thereby suppressing strain localization and enhancing formability (Speer and Matlock, 2002; Gutiérrez et al., 2013) . Speer et al., proposed in 2003 a novel processing route, "Quenching and Partitioning" (Q&P) (Speer et al., 2003) . Q&P appears promising as a further improvement of mechanical properties can be attained via intelligent microstructural design (De Diego-Calderón et al., 2014; De Knijf et al., 2014a) . The Q&P process consists of a multi-step thermal processing route: first, after heating in order to obtain a fully austenitic or intercritical microstructure, the steel is quenched to a suitable pre-determined temperature (QT) below the martensite start (Ms) but above the martensite finish (Mf) temperatures to form a pre-defined amount of martensite; then, the steel is either held at this quenching temperature or brought to a higher Partitioning Temperature (PT), where the untransformed austenite is carbonenriched through carbon depletion of the supersaturated martensite (Edmonds et al., 2006; De Moor et al., 2011) . In this way, a complex microstructure formed by metastable RA and martensite is obtained after final quenching to room temperature. Although there are already works on characterization of the steel microstructure after Q&P (Santofimia et al., 2008; De Diego-Calderón et al., 2014; De Knijf et al., 2014a; Tan et al., 2014a; Tan et al., 2014b) , there is still a lack of knowledge about the strain distribution between the microstructural constituents in Q&P structures during loading in the plastic range. Low carbon TRIP steel compositions have been used to successfully generate martensitic microstructures with substantial RA levels through Q&P processing (Speer et al., 2014) . Addition of elements, such as Si, retards the formation of carbides and gives rise to the carbon enrichment of austenite (Santofimia et al., 2008; Paravicini Bagliani et al., 2013) . Moreover, increased manganese levels have been shown to be effective at reporting significant austenite fractions with improved tensile properties in Q&P steels (De Moor et al., 2011; Speer et al., 2014) . Mechanical property studies indicate that Q&P shows significant potential to generate novel property combinations that would otherwise be difficult in low alloy compositions (Speer et al., 2014) . Fundamental understanding of the property -microstructure relationships in this type of steels has not been achieved, which is required for further improvement of the properties via intelligent microstructural design. Therefore, the objective of the present work is to relate the mechanical behaviour of a Q&P steel with its microstructure (phase composition, size of microconstituents, carbon content in RA, etc.) and Q&P parameters.
EXPERIMENTAL

Materials and processing
Steel with a nominal composition of 0.25C-1.5Si-3Mn-0.023Al (mass %), produced in a laboratory vacuum induction furnace was studied. After casting, the steel slabs were hot rolled to a final thickness of 2.5 mm, accelerated cooled by water jets to 600 °C and transferred to a furnace for coiling simulations at 560 °C. The hot rolled plates were pickled and cold rolled to a thickness of 1 mm imposing a total reduction in thickness of 60%. The obtained strips were cut perpendicular to the rolling direction and subsequently subjected to Q&P heat treatment cycles in the thermo-mechanical simulator Gleeble™ 3500. The specimens were heated to 850 °C for full austenitization, quenched to varying Quenching Temperatures (QT) at quenching rate of 20 °C s −1 in order to obtain microstructures consisting of martensite and austenite. Then the samples were reheated with a heating rate of 10 °C s −1 and kept isothermally at different Partitioning Temperatures (PT) for varying Partitioning times (Pt). During this stage, carbon diffusion occurs from supersaturated martensite into untransformed austenite that stabilizes austenite during further final quenching to room temperature with a rate of 20 °C s −1 . Data on the Q&P parameters applied to the studied steel grade are presented in Table 1 . In the following, the investigated specimens are referred to by numbers showing the applied QT, followed by their PT and Pt, as indicated in Table 1 .
Microstructural characterization
Specimens for microstructural characterization were ground and polished with a final polishing step of 1 μm diamond paste using classical metallographic techniques. For scanning electron microscopy characterization, specimens were etched with 2 vol. % HNO 3 in ethanol (nital 2%) solution for 5 seconds at room temperature (22 °C). Examination of the microstructure was performed using a Scanning Electron Microscope (SEM) EVO MA15 operating at an accelerating voltage of 20 kV. Specimens for EBSD analysis were prepared using standard metallographic technique with final polishing with OP-U for 20 minutes. Orientation Imaging Microscopy (OIM) studies were performed using a FEI Quanta™ 450 FEG-SEM equipped with a Hikari detector controlled by the EDAX-TSL OIM-Data Collection (version 6.2 ® ) software. The data were acquired at an accelerating voltage of 20 kV, a working distance of 16 mm, a tilt angle of 70° and a step size of 40 nm. The orientation data were post-processed and analysed with TSL-OIM Analysis 6.2 © software. The post-processing procedure included appropriate "clean-up" steps and after that removing of the point with Confidence Index (CI) lower than 0.1 as dubious.
The volume fractions of RA and its average carbon content at room temperature were measured by XRD experiments performed on a Siemens Kristalloflex D5000 diffractometer equipped with a Mo-K α source operating at 40 kV and 40 mA. A 2ϴ-range of 25° to 45° was scanned using a step size of 0.01°, dwell-time of 2 seconds and a rotation speed of 15 rpm. The data were post-processed by subtracting the background radiation and Kα 2 influence. The volume fractions of RA were determined by the Cullity formula (Cullity, 1978) , and the austenite lattice parameter a γ was estimated from the extrapolation function of the lattice parameter vs. cos2(θ)/sin(θ) of the (200), (220) and (311) austenite peaks. The carbon concentration X C was obtained according to the procedure proposed in van Dijk et al. (2005) , where the link between the lattice parameter of the retained austenite was presented as:
where a γ is the austenite lattice parameter in nm and X C , X Mn and X Al are the concentrations of carbon, manganese and aluminium in austenite in wt. %. Volume fractions of Tempered Martensite (TM) and Untempered Martensite (UM) were estimated from the OIM images using the free ImageJ software (Schneider et al., 2012) .
In situ tensile tests and digital image correlation analysis
Miniature tensile specimens having a gauge length of 4 mm, a gauge width of 1 mm and a thickness of 1 mm were machined from the Q&P processed strips. In situ tensile tests were carried out in the SEM EVO MA15 operating at an accelerating voltage of 20 kV. Tensile specimens were loaded at room temperature using a Kammrath&Weiss tensile/compression module embedded in the SEM chamber. Tensile specimens were deformed to failure with the constant cross-head speed corresponding to the initial strain rate of 10 −3 s −1
. Tensile deformation was stopped periodically, the tensile specimens were unloaded and secondary electron micrographs with 1024×768 pixel resolution were taken from the central area of the miniature tensile specimens after each deformation step. The cross-head displacement steps were 100 μm corresponding to a global strain of 2.5%. The analyzed areas had dimensions of 20×25 μm 2 . The Digital Image Correlation (DIC) technique was utilized to determine local in-plane plastic strain distribution after tensile deformation of the Q&P steels. SEM images of the specimens before and after each deformation step were uploaded into the Vic-2D 2009 Digital Image Correlation software for full-field strain analysis and generation of plastic deformation maps. 
RESULTS AND DISCUSSION
Effect of Q&P parameters on microstructure and mechanical properties
OIM phase maps with bcc in blue and fcc in yellow superimposed with the image quality maps of the studied samples are shown in Fig. 1 . After the Q&P treatment, irregular-shaped blocks of TM constitute the major phase of the microstructure, whereas the others (i.e. UM and RA) are dispersed in the matrix. The size of the microconstituents (TM and RA) is provided in Table 2 . The average size of TM for all specimens is in the same range. Nevertheless, the Q&P parameters have a slight effect on the RA average grain size. Due to a less perfect bcc lattice, UM regions formed during the last quench to room temperature can be identified as the darkest ones and can be found in the vicinity of the yellow RA grains. The size of the UM can be roughly estimated but could not be accurately measured from the available OIM maps, since lattice distortion leads to a low pattern quality and indexation of the UM zones in the OIM scans. Various RA morphologies are present in the microstructure ( Fig. 1) : film-like RA, lamellar RA and blocky RA. A thorough analysis of the available OIM micrographs shows the growth of interlath RA from filmlike to a blocky type as a function of partitioning parameters. Although the spatial resolution of the EBSD technique is reasonably high (step size is 40 nm), the smallest austenite laths formed between the martensite plates, as observed with TEM, have sizes in the range of 20-100 nm (Xiong et al., 2013; De Knijf et al., 2014a) . The laths can therefore not be resolved by EBSD but are detectable with XRD. Table 3 lists the measurements of volume fraction and carbon content of RA, as well as the volume fraction of TM and UM which were determined by X-ray diffraction combined with EBSD analysis. Finally, Table 4 summarizes the mechanical properties measured on miniature samples of the studied steel grade. Below, the effect of each Q&P parameter (QT, PT, Pt) on microstructure and mechanical properties is analysed.
Influence of QT
The EBSD phase maps of the three samples quenched at different temperatures (224-350-500, 244-350-500 and 264-350-500) are shown in Fig. 1  (a,b and c) . By comparing these samples it can be observed that the QT affects neither the TM, nor the RA average size (Table 2 ). In addition, it can be seen that the average volume fraction of RA ranges from 13.5% to 14.4%, whereas its carbon content ranges from 0.91 to 1.11 wt. % and appears to increase with increasing QT (Table 3) .
Various RA morphologies are present in the microstructure. In the 244-350-500 sample mostly blocky RA can be found, whereas in the 224-350-500 and 246-350-500 samples the prevalent type is the interlath lamellar one, but some blocky RA is also observed. As it was already reported in literature (Tirumalasetty et al., 2012; De Knijf et al., 2014a) , localized EBSD scans yield significantly lower RA fractions, being 5.0%, 8.8% and 5.9% for the 224-350-500, 244-350-500 and 264-350-500 samples, respectively. Therefore, the fraction of smallest austenite laths (film-like type), which are not detected by EBSD, is higher in the samples quenched at 224 °C and 264 °C, respectively. The volume fraction of UM is 13.8%, 14.1% and 15.8% for the samples quenched at 224 °C, 244 °C and 264 °C respectively. Finally, the volume fraction of TM tends to slightly decrease with the QT: values of 72.0%, 71.5% and 70.7% were obtained for the samples quenched at 224 °C, 244 °C and 264 °C, respectively.
A hypothetical explanation for these observations can be offered: the fraction of martensite that undergoes carbon partitioning to the neighbouring austenite during the partitioning step is determined to a large extent by the QT. The stabilized RA fraction is less dependent on higher QTs due to kinetic effects related to lower carbon diffusion in austenite creating pile-ups close to the grain boundaries resulting in local stabilization of austenite. Thus, a QT closely below the Ms temperature results in a small fraction of martensite, so the carbon available for partitioning might not be sufficient for the stabilization of the austenite. This indeed leads to a high fraction of relatively unstable austenite that transforms to martensite in the final quench. On the other hand, lower QT results in the formation of a higher fraction of martensite in the first quench. Therefore, a higher fraction of austenite is consumed during the initial quench, that will not be available for carbon enrichment during the partitioning step (Speer et al., 2005; Santofimia et al., 2011a) . Figure 2a shows the engineering stress -engineering strain curves from tensile testing of the 224-350-500, 244-350-500 and 264-350-500 samples. In addition, their mechanical properties are summarized in Table 4 . In TRIP steels, it is known that not only the volume fraction of RA, but also its transformation stability plays an important role in determining the global mechanical properties (Furnemont et al., 2002; Ahn et al., 2010; Xiong et al., 2013; Xie et al., 2014) . In fact, similar behaviour has also been reported (De Diego-Calderón et al., 2014; De Knijf et al., 2014a) in Q&P steels. It has also been already shown in literature that transformation stability of austenite is affected by many factors, among others the carbon concentration in the austenite grains (van Dijk et al., 2005; Blondé et al., 2014) , its grain size (Jimenez-Melero et al., 2007) , the constraining effect of the surrounding phases (Jacques et al., 2001a) and its morphology (Xiong et al., 2013) . In our case, carbon content, grain size and the surrounding phases of RA (fractions of TM and UM) are very similar for the 224-350-500, 244-350-500 and 264-350-500 samples. Therefore, RA morphology should be the main factor explaining the difference in mechanical properties for the three studied conditions. RA presenting film-like or interlath lamellar morphologies have better transformation stability compared with a blocky type, which tends to transform to martensite under a small strain and contributes little to the TRIP effect (Speer et al., 2005; De Moor et al., 2008; Xiong et al., 2013; Ding et al., 2014) , as it is 'consumed' during the early stage of plastic deformation (De Diego-Calderón et al., 2014) . Thus, in the 244-350-500 sample containing mostly blocky RA, it suddenly transforms after yielding to martensite via TRIP effect (Speer et al., 2005; De Moor et al., 2008) , whereas this might be not the case for interlath-lamellar RA or film-like RA. Therefore, after yielding the amount of UM, which contributes to the material's strength, is increased. This martensite will be different to that previously formed as it will normally be expected to inherit a higher carbon concentration (Edmonds et al., 2006; Santofimia et al., 2011b) . For this reason, the σ UTS value for the 244-350-500 sample might be the highest one.
Slightly inferior 0.2% proof stress (σ 0.2 ) values are found for the 244-350-500 and the 264-350-500 samples. Yielding in these two steel grades should start earlier, considering that the blocky RA is deformed plastically before its transformation via TRIP effect. Besides, this agrees well with the observed strain hardening behaviour. The more stable RA progressively transforms during the whole straining process, resulting in higher work hardening rate FIGURE 2. Engineering stress -engineering strain curves from tensile testing of the: (a) 224-350-500, 244-350-500 and 264-350-500 samples; (b) 244-300-500, 244-350-500 and 244-400-500 samples; (c) 244-400-100, 244-400-500 and 244-400-1000 samples.
Effect of Q&P parameters on microstructure development and mechanical behaviour of Q&P steels • 7 (Jacques et al., 2001b; Furnemont et al., 2002) , that, in turn, delays the onset of necking. After necking, ductility may be enhanced due to the contribution of the high volume fraction of film-like RA that is presented in the three steel grades. For this reason, both uniform elongation (ε u ) and elongation to failure (ε f ) are very similar for the three samples (Table 4) .
Influence of PT
In order to determine the effect of PT, the target QT was set to 244 °C, followed by isothermal holding during 500 seconds at different PT (300 °C, 350 °C and 400 °C). The RA average size is enlarged with increasing PT (0.4±0.1 μm, 0.6±0.1 μm and 0.7±0.1 μm, respectively). However, the PT does not have influence on the TM average size (Table 2) , as it is determined by the prior austenite grain size (Prawoto et al., 2012; Kaijalainen et al., 2013) and, to some extent, by the QT (section 3.1.1). The RA volume fraction obtained for the sample partitioned at 400 °C is nearly 4% higher than for the other two samples (Table 3 ). The effect of PT on microstructure has already been studied. Increasing PT can accelerate the carbon partitioning from martensite to austenite (Santofimia et al., 2008) . For example, it was reported in Santofimia et al. (2011b) , that for the same QT and Pt, the maximum RA volume fraction is reached at shorter times for higher PTs, i.e. carbon diffusion during partitioning is controlled more effectively by PT rather than Pt. These observations are in good agreement with the obtained results.
Engineering stress -engineering strain curves in Fig. 2b show the effect of PT on mechanical behaviour of the Q&P processed steel. It is seen that the mechanical behaviour of the samples partitioned at 300 °C and 350 °C (σ UTS , ε f and n) is very similar. For temperatures above 350 °C, ultimate tensile strength and strain hardening exponent decrease with increasing PT, whereas ductility shows an opposite trend (Table 4 ). Higher volume fraction of RA (Table 3 ) and larger RA grains (Table 2) in the 244-400-500 sample result in softening of the material and improvement of its ductility, compared to the Q&P steel grades with the lowest RA content (244-300-500 and 244-350-500 samples).
Influence of Pt
The influence of Pt on microstructure and mechanical properties of a Q&P steel was also investigated in this work. Samples were partitioned at 400 °C for 100, 500 and 1000 seconds (244-400-100, 244-400-500 and 244-400-1000, respectively) ( Table 1 ). The EBSD phase maps of the three samples partitioned for different times are shown in Figure 1 (g, h and i) . Regarding the RA morphology, a mixture of interlath lamellar and blocky type RA can be found in the three conditions. The RA average size is enlarged from 0.5 μm to 0.7 μm, when Pt is raised from 100 to 500 seconds (Table 2) ; however, it seems to stabilize with further partitioning until 1000 seconds. Apparently, increasing Pt does not have any influence on the TM grain size (Table 2 ). When Pt is increased from 100 to 500 seconds, the fraction of RA remains almost constant but its carbon content shows an increment from 0.84% to 1.03%. With further partitioning until 1000 seconds, there is an increment in the RA fraction of up to ≈20%, but its carbon content remains approximately constant around 1% (Table 3) . Figure 2c displays the engineering stress -engineering strain curves from tensile testing of the 244-400-100, 244-400-500 and the 244-400-1000 samples. Mechanical properties are also summarized in Table 4 . Ductility seems to be directly related to Pt: increasing elongation to failure (ε f ) values of 26%, 28% and 29% are reported for partitioning during 100, 500 and 1000 seconds, respectively (Table 4 ). The highest 0.2% proof stress (σ 0.2 ) value is obtained for the 244-400-500 sample, with a value of 821 MPa. This could be explained as this sample contains the highest UM fraction (Table 4) . It is well known that steels with martensitic microstructure offer an excellent yield strength of about 1000 MPa (Schulz-Beenken, 1997). Regarding ultimate tensile strength (σ UTS ), the highest values are found in the sample with smaller RA grain sizes (244-400-100), following the same tendency reported in Section 3.1.2. Finally, the strain hardening behaviour is very similar for the 244-400-500 and the 244-400-1000 samples. The same RA morphology, average grain size and carbon content is found in both samples, so they present a weaker transformation stability compared to the 244-400-100 sample (Sun et al., 2014) . This correlates well with the recent study (Xiong et al., 2013) where higher carbon, blocky RA in a Q&P steel transformed to martensite at the onset of deformation, whereas lower carbon film-like RA remained stable up to 12.5 % strain. Figure 3 represents the orientation distribution functions (ODFs) in φ 2 =45°, 65° and 90° sections of Euler space for samples 244-300-500 (a) and 244-350-500 (b). The textures are calculated only for RA in the material after hot rolling, cold rolling and subsequent Q&P heat treatment. For the sake of simplicity, two samples with similar RA fractions (Table 3) but different grain sizes (Table 2) are shown. The textures of RA (Fig. 3a and b) are similar and rather weak, with maxima of 3.63 and 2.85 mrd (multiples of a random distribution) occurring for the brass (B) {011} 〈112〉 component in samples (a) and (b) respectively. Goss (G) {110} 〈001〉, rotated Goss (RG) {110} 〈110〉, S {123} 〈634〉 and copper (C) {211} 〈111〉 also occur in both samples while the weak rotated cube (RC) {001} 〈110〉 is only present in the sample 244-350-500. A slight rotation of the S {123} 〈634〉 component can be observed for the 244-350-500 sample as well. The major difference in the texture components of austenite between both samples is the presence of RC texture component in the 244-350-500 sample. The transformation potential of this component is between 0.05 and 0.08 with a minimum and maximum of 0.03 and 0.13 respectively (De Knijf et al., 2014b) . A high transformation potential indicates low transformation stability related to the texture of the RA grain. Therefore, RA grains having this crystallographic orientation are relatively stable (not taking into account other effects as RA grain size, carbon concentration, morphology, etc…). Hence in this sample, there are more austenite grains which will transform at higher strains resulting in more strain hardening. This can be observed experimentally by the higher σ UTS in the stressstrain curves (Fig. 2b) . On the other hand, as it can be seen in Fig. 4 , the martensite has a crystallographic texture which is frequently observed after double α-γ-α transformation of cold deformed bcc phase in AHHSs (De Knijf et al., 2014a) . This is because the crystallographic texture has not changed much as a consequence of the Q&P treatment given to the as-received steel (Petrov et al., 2007; Joo et al., 2012) . All texture components observed in the BCC structure originate from deformed austenite with a good agreement with the observed texture of the retained austenite. Note that despite using identical colour scales, there are differences in the strength of the textures (Figs. 3 and 4) . 
Textures after Q&P treatment
Global and local plastic deformation
Figure 5 (a, b and c) show the microscale plastic strain (ε yy ) distributions on the surface of the 244-400-100, 244-400-500 and 244-400-1000 specimens after tensile testing to a global plastic strain of ~10%. The histograms of plastic strain distribution for these samples are also depicted (Fig. 5d) . The loading direction during the in situ tensile tensing corresponds to the vertical axis. In all cases, a network-like structure of interconnected bands of localized plastic flow oriented at 45° to 60° with respect to the loading axis is clearly seen, whereas a significant fraction of little deformed areas remains present. Note that all plastic deformation maps are represented using identical colour scales, and while there are differences in the strength, all samples show similar patterns of deformation behaviour (Fig. 5a , b and c). Strong partitioning of local plastic strain between different phases is observed. The networklike plastic deformation maps observed in this work are similar to those reported earlier for Q&P intercritically annealed steels (De Diego-Calderón et al., 2014) , Dual Phase (DP) steels (Kapp et al., 2011; Han et al., 2013) and Metal Matrix Composites (MMCs) (Kolednik and Unterweger, 2008) . However, the ranges of local plastic strain values vary in all specimens: they are found to be in the range between 5% and 15.05%, 5.7% and 19.13% and 5.7% and 14.62% for the 244-400-100, the 244-400-500 and the 244-400-1000 samples, respectively. From histograms in Fig. 5d , it is also clearly seen that local FIGURE 5. Distribution of local plastic strain on surface on: the 244-400-100 sample (a), the 244-400-500 sample (b) and the 244-400-1000 sample (c) after tensile deformation to a global plastic strain of 10%. Histograms of plastic strain distribution for all samples (d).
plastic strain tends to have higher values in the 244-400-500 sample. In all cases, the average local plastic strain value is around 10%, corresponding to the imposed global plastic strain. It was reported in Section 3.1.3 that the global mechanical behaviour (σ UTS , ε f and n) of the 244-400-500 and the 244-400-1000 samples is very similar. However, significant difference in their local deformation behaviour is clearly seen in Fig. 5  (b and c) . It is well known that the local plastic deformation tends to accumulate in the 'soft' microconstituents, whereas 'hard' microconstituents provide less contribution to plastic deformation. In the particular case of these specimens partitioned at 400 °C, global RA fractions determined by XRD and matrix conditions (Tables 3 and 4) are in the same range. However, local EBSD scans yield RA fractions of 7.9%, 11% and 8% for the 244-400-100, 244-400-500 and 244-400-1000 samples, respectively. Therefore, the fraction of smallest RA filmlike laths (which cannot be resolved by EBSD) having highest stability, is lowest in the sample partitioned for 500 seconds. Therefore, plastic deformation of the latter sample on the micro-level is quite different compared to that of the 244-400-100 and 244-400-1000 samples (Fig. 5) .
CONCLUSIONS
Steel with a nominal composition of 0.25C-1.5Si-3Mn-0.023Al (mass %) was subjected to "Quenching and Partitioning" (Q&P) treatment with varying Quenching Temperature (QT), Partitioning Temperature (PT) and Partitioning time (Pt). Multi-phase microstructure consisting of different fractions of Tempered Martensite (TM), Untempered Martensite (UM) and Retained Austenite (RA) was obtained. The effect of Q&P parameters on the microstructure, texture, tensile mechanical properties and plastic deformation at the micro-scale was thoroughly studied. It was shown that: -The QT does not affect significantly the size and volume fraction of microconstituents, though the morphology of RA strongly depends on QT. Interlath lamellar RA prevails in the microstructure of the samples quenched at 224 °C and 260 °C and has high stability against transformation under strain, whereas blocky type RA dominates in the microstructure of the sample quenched at 244 °C. The latter has low stability against transformation under strain which results in higher ultimate tensile strength. -The PT has a strong effect on size and volume fraction of microconstituents and mechanical properties of the Q&P steel. The RA average size increases with increasing of the PT, and the highest RA volume fraction is reached after partitioning at 400 °C due to effective control of carbon diffusion by PT. However, high PT reduces mechanical strength and strain hardening exponent of the material, though its ductility is enhanced. -The influence of Pt at 400 °C on the size and volume fraction of microconstituents is ambiguous. The RA average size tends to grow with increasing Pt up to 500 seconds followed by its saturation, whereas RA volume fraction is not sensitive to Pt below 500 seconds and increases after partitioning for 1000 seconds. The material shows the highest ultimate tensile strength and strain hardening exponent at the shortest Pt followed by their significant reduction and slight gain in ductility with further increase of the Pt. -There is no significant influence of Q&P parameters on the texture of RA. The main observed components include brass {011} 〈112〉, Goss {110} 〈001〉, rotated Goss {110} 〈110〉, and copper {211} 〈111〉. The weak rotated cube {001} 〈110〉 is only present in the sample 244-350-500. RA with the latter orientation has higher stability, resulting in the highest ultimate tensile strength for this Q&P condition. The Q&P parameters have no effect on crystallographic texture of martensite. It is similar to the texture frequently observed after double α-γ-α transformation of cold deformed bcc phase in AHHSs. -There is strong partitioning of plastic strain between phases during plastic deformation of the Q&P steel. Variations of local plastic strain strongly depend on their local microstructure.
